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GRANITE SLABS CUT WITH FRAME SAW EMPLOYING BLADES WITH 
DIAMOND-CONTAINING SEGMENTS AM) METHOD OF CUTTING THEREOF 

CROSS-REFEHENCE TO RELATED APPLICATIONS 

[001] This application claims priority to U.S. Application No. 10/744,690 
filed on Deceanber 23, 2003 which is a continuation-iii-part of both U.S. Patmt 
Application No. 10/014,547, filed on December 14, 2001 and U.S. Patent 
Application No. 10/731,066, filed on December 9, 2003 
BACKGROUND OF THE INVENTION 

[002] This invention relate to an improved method for cutting slabs of 
granite and granite slabs cut tbere&om. 

FIELD OF THE INVENTION 

[003] Swing-type frame saws have been used commonly for cutting large 
granite blocks into slabs. Th^ frame saws employ up to 250 stc«l blades 
mounted under tension (e.g., 80 kN) on a ftame. The ftaxas typically swings about 
two pivot points, hi order to cut granite, the steel blades are sprinkled with slumry 
containing abrasive grits (like san4 steel shot or silicon carbide) and Ume 
dispersed in water. 

[004] Cutting speeds of just a few centimetera per hour make this 
technique slow. For example, cutting a 2-m high block of granite at an average of 
3-cm/h downfeed takes ahnost three days. The time requirements for cutting 
granite and the use of slurry containing abrasives are reasons for the consumption 
of large amounts of environmentally hazardous steel shot/water/lime slurry. The 
steel blades also have a useful life of 2-3 blocks on average, which contributes to 
the costs involved m cutting granite. 

[005] When steel shots are used in the slurry, it typicaUy ranges m size 
from 0.1 - 8mm with shapes from nearly spherical to highly angular particles, e.g., 
as commercially available from htlp://Ww.whe6labr.oom/ . hi swing-type frame 
saw operations to cut la^e blocks of granite into slabs, iJie horizontal rectangular 
frame carrying a series of parallel, spaced-^art steel blades mounted under 
tension is oscillated about two pivot pointe and lowered onto a fixed blocL hi this 
prior art operation, while the blades are oscillated and lowered, slurry contauaing 
the steel shot and lime dispersed in water is continuously suppUed to the contact 
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areas between blades and block. The blades thereby pull with them the abrasive 
elements of the sltmy, which provide catting action by wearing slots iato fee 
block. The abrasive particles, e.g., sted shot, must travel between the blade and 
Ihe walls of the cut to reach fee tai^et surfkie. While in the space between feem, 
fee steel particles abrade fee walls of fee slot. This action creates two detrimental 
efFecte: first, fee wear causes fee slots to widen; swond, fee action causes the 
granite surface to roughs. 

[OC^l Referring to a typical operation for cutting granite slabs using a 
horizontal frame saw equipped wife a plurality of generally parallel, spaced-spart 
blades, fee spacing between adjacent blades in the frame saw, tspadngi is 
determined by fee target slab thickness, Uab, and the excess cut widfe, 4*. as 
shown in Figure 1 . The spacing is defined by the relationship: 
tspacrag=tsiab+txs (Equation 1) 

[007] As described by fee relation, fee greater fee excess cut width, the 
further apart fee blades must be spaced in order to achieve a target slab thicknm. 

[008] Refening to fee prior art opearation of usmg abrasive sluirics in fee 
prior art wife fee typical abrasive particles, e.g., steel shote, used for frame sawing 
granite are on fee order of 1-2 mm and angular. As shown in Figure 2, fee 
jjjiasive particles caught betweai the blade and wdls cause fee cut widfe to 
increase by lougjily two times fee lagest average particle size, independent of 
ofeer factors that may affect fee cut widfe such as vibration or out-of-plane 
deflection of fee blades, 

[009] M a prior art example employing abrasives in fee slurry having an 
average particle size of l-2mm, fee excess cut width, t^,, maybe expected to be 
twice fee average particle size, or a minimum of approximately 2-4 mm. 
However, in practice, an excess cut widfe of at least 5mm is commonly 
observed. The reasons for fee larger then expected excess cut widfe are as 
follows: first, multiple layers of particles may be found in the space between fee 
blade and the block; and second, fee particles are highly irregular and hence fee 
largest particle dimensions would be a better estimate for the expected excess cut 
widfe. M fee slurry containing abrasivM of varying sizes is cootiniKsusly 
applied to fee contact areas bets^een fee blades and block in fee prior art granite 
cutting operation, fee excess cut widfe varies wife the particle sizes in fee aluny 
being supplied to cut the slabs at fee time. Consequentiy, the use of abrasive 
slurry or steel shot affects granite slab quality, wife feickness variations in cut 
granite slabs of over 1mm being common wife use of steel shot and / or ofeer 
abraMves. 
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[010] Referring back to Figure 1, the total amount of block width 
required to produce one slab can be expressed by the following relationship: 
Wbioek = tsiab W - tsfed) + ^Wade + ix» (Equation 2) 

[01 1] As an example, csonsider a target slab thickness of 22mm, a bMe 
thickneiK of approximately 4min, and aa excess cut widfli of Sram. In this case, 
the block width required fox a single slab is a3x>ut 3 1mm. As shown above, 
besides affecting the slab surface finish, the method in liie prior art for cutting 
granite slabs is quite inefficient and wasteful witti the excess cut width being 
almost 25% of the jSnal granite slabs. 

[012] Besides the width of the granite cut, the quality of the granite 
surface is also affected by the eOsrasive particle size. While abrading the walls of 
a cut, the abrasive particles such as steel shot create a typicrfly rough surface as 
illustrated m Figure 5, which is an SEM illustrating the surface of a granite slab 
cut in the prior art operation. In general, flie surface rougjm^ incr^^ witti 
increasing size of the abrasive particles usedin tiie operation. 

[013] Applicants have found that the use of horizontal frame saw blades 
equipped with diamond-contaiJiing segments econoaucaliy and surprisingly 
produce granite slabs of a target thickness using less block per slab, while yielding 
granite slabs with fai^ved surface quality. The reduction in block width required 
per slab is a result of reduced excess cut width, f^, in (he operation. 

BRIEF SUMMARY OF THE INVENTION 

[014] The invention relates to a gramte block cut into slabs by a sawing 
device compming a plurality of generally parallel, spaced-sqjart blades with each 
of the blades having a plurality of cutting segments mounted thereon, each of the 
cutting segments comprising a continuous phase impregnated with a superabrasive 
material selected firom one of natural diamond, synthetic diamond, cubic boron 
nitride, and combinations thereof; wherein each of the granite slabs as cut from 
the block has a surface roughness Ra of less than 1000 (X-in, and with thickness 
variation of less than 10% of the thickness of a nominal slab target 

[015] The invention ferther relates to a method to cut a granite block mto 
slabs having as-cut surface rou^ess R* of less than lOCK) ji-in, and with thicknsss 
variation of less than 10% of the thickness of a nominal slab target, by employing 
a cuttiag device comprising a plurality of generally parallel, spaced-^art blad^ 
with each of the bla<tes having a plurality of cutting segments mounted thraeon, 
each of the cutting segments comprising a contmuous phase impregnated with a 
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superabrasive material selected from one of natural diamond, synthetic diamond, 
cubic boron nitride, and combinations thereof; the wear resistance property of at 
least one of the segments is optimized for uni&im wearing of the segments along 
each blade during cutting by varying at least one of a) flic ceuter-to-center spacing 
along liie length of the blade; b) concentration of superabrasive materials in each 
segment; c) grade of superabrasive materials in each segment as measured by 
conqHressive fcacture strength; d) composition of superabrasive materials in each 
segment; and e) dimmsions of &e segment, 

[016] The invention further relates to a method for cutting granite with a 
horizontal frame saw having a plurality of adjacent and spaced-apart blades, each 
blade includes diamond cutting segments mounted on the cutting edge thereof, 
wherein at least one of ttie segment variables is optimized / controlled for uniform 
wearing of the segments along each blade during cutting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[017] Fig. lis a sectional schematic view showing two adjaoait saw 
blades in a granite cutting operation; 

[018] Fig, 2 is a sectional scheanatic view showing a prior art operation 

employing steel shote; 

[019] Fig. 3 is a sectional view of the horizontal frame saw of the present 
invention, cutting through a granite block. 

[020] Fig. 4 is a cut-away sectional view of the saw blade and the 
diamond segments with im-even spacing; 

[021] Fig. 5 is a SEM showing the surfece quality of a granite slab cut via 
a saw blade in tbe prior art; and 

[022] Fig. 6 is a SEM showing the surface quality of a granite slab cut by 
the saw bMe employing the diamond segmaits of the invention . 

DETAILED DESCRIPTION OF THE INVENTION 

[023] The invention relates to an improved method for cutting granite 
without the requirement of steel slot slurries in the prior art, for ©^te slal« with 
improved surfece quality and uniform thickn^. 

[024] Method for Cuttmg Granite Slabs with Fra me Saw Emnloving 
Sii perabrasives Segments . In the improved method of the invention, a horizontal 
frame saw employing cutting edges with diamond-contaimng segments is used for 
cutting granite slabs. In one embodiment of tide invention and as illustrated in 
Figures 3 and 4, the horizontal frame saw 10 is equipped with a blade assembly 16 
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haviEg a plurality of generally parallel, spaced-apart blades 88 for cutting granite 
12, wherein each of the blades 88 has a cutting edge with diamond cutting 
segments 90-1 04 mounted thereon for esftgaging the gr^te with a swinging 
motion for cutting of the granite. 

[025] Blades 88 may be made with hi^ performance steel alloys known 
in the art M one example, a steel alloy of 0.7 to 2.3% caibon. 0.08 to 2.0% 
aluminim and 0.7 to 6.5% vanadium. In another example* a steel alloy of .32% 
carbon, 0.35% siUcon. 0.70% manganese. 1.00% chromium, 2.00% molybdenum, 

0. 6% nickel, 0. 15% vanadium and 0.05% tungsten, the remainder being iron. In a 
third example, a steel alloy containing from 7 to 20% of tungsten, molybdenum, 
vanadium and niobium. Blades 88 in one embodiment, each has a height ranging 
from about 50 to 500 mm. The blades may be of various shapes known in the art, 
rectangular in most embodiments, double concave (hour-glass), convex / straight, 
concave / straight, double convex, convex / concave, and combinations thereof. 

[026] in one embodhnent, the cutting segments arc fabricated from a hard 
continuons phase notorial that is impregnated with the superabrasive materials, 

1. e., imtuial diamond, synthetic diamond, or cubic bMon nitride. 

[027] In another embodimei^ the continuous phase material fialher 
comprise a metal carbide, a refractory metal alloy, a ceramic, copper, a coppea-- 
based alloy, nickel, a nickel-based alloy, cobalt, a cobalt-b^ed altoy, tin, tungsten, 
titanium, a titanium-based alloy, iron, an iion-based alloy, silver, or a silver-based 
alloy, or combinations thereof 

[028] In yet another embodiment, the continuous ph^e material in the 
segments may be impregnated with a combination of various types of abrasive 
materials, i.e., secondary abrasives materials such as ceramics and aiummum 
oxides. The continuous phase material and the superabr^ives, i.e., dimionds or 
CBN, may be aggregated into tiie final segment sh^e by known proce^ ttiat 
bond the conthiuous phase material and flie particles of siiperabrasives / abr^ives 
together, such as sinterir^ hot isost^c pressing, laser melting, or ion beam 
melting. 

[029] The concentration of the superabrasive materials in the segments 
ranges from 10 to 50 concentration, hi one embodiment, tiie concentration is 
between 15-40 concentration. In another embodiment, between 20 to 30 
concentration. As us^ herein, 100 concentration conventionally being defined in 
the art as 4.4 carats/cm^ with 1 carat equal to 0.2 g, wherein the concentration of 
superabrasive grains is linearly related to its carat per unit volume content. 
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[030] In one embodiment, the superabrasive m^eiials axe natural or 
synthetic diamond particles, or a combination thereof, rmging in size firom 20 
mesh to 400 mesh. In a second embodiment, the superabrasive particle size is 
about 25 mesh to 100 mesh. In yet another embodiment, the superabrasive 
particle size is bdweai 25/30 mesh to 70/80 m^h. 

[03 1] In one embodimoat, the diamond in the cutting segments has a 
toughness index CTT*) ranging fixHn between about 20 and 90. In a second 
embodiment, the diamond has a Tt rangmg from about 25 to 80. Toughness 
index" ("TT') is measured using a standard friability test. The friability test 
involves ball milling a quantity of product under controlled conditions and sieving 
the residue to measure the breakdown of said product. The TI is calculated as the 
weight of residue greater than a target size divided by the starting weight, then 
mxiltiplied by 100. 

[032] fri yet another embodiment, the segments contain diamond particles 
coated witii a layer of a material of composition, MCxNy, where M is a metal, C 
is carbon having a first stoichiometric coefficient x, N is nitrogen having a second 
stoichiometric coeflBcieat y, and 0 x, and y < 2, in^jere M is one or more of a 
transition metal, a Group IHA metal, or a Group TV A metal. Such metd coatings 
are known to increase the strength with which tiie supembrseive material bonds to 
the continuous phase material. 

[033] In one embodiment of the frame saw, the diamond cutting 
segments on the saw blades range in size from about 5 to 100 mm in leng&, by 5 
to 30 ram in height, by 4 to 8 mm in thickness. In another embodiment, the 
dimnond segment is thicker than the thickness of the blade. In yet another 
embodiment, the saw blade includes a plurality of recesses configured to receive at 
least a portion of the segments. 

[034] In one embodiment, the diamond segments are spaced (c«iter to 
center) from about 80 mm to 150 mm apart fri another embodiment, the center to 
{»nt^ spring is ^out 1 00 to 140 mm. In yet another embodiment, the center to 
center spacing is about 120 to 130 mm. 

[035] The iwgments can be in any convenient sh^e inchiding, e.g., 
rectmgular, taper^ sandwich, tooth-^ed, L-shaped, semi-circle shaped, and 
ttte like. The segpients maybe sh^ied by techniques known in ttie art, such as by 
sintering, casting, forging or machining. 

[036] The segments are attached to the blade edge by means known in the 
art, including brazing Mjldering, wekfing, adhesives, mechanical afBxation, and 
the like. 
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[037] Diamond segments on horizontel frme saw blades, as used in 
cutting diamond slabs, do wear out at different rates. As it is desirable to have fee 
diamond segments on a saw blade wear out at a rate as uniform as possible, in one 
embodiment of liie invention, the spacing of the diamond segments is optimized 
along the saw blade with non-uniforai sjmcing. In location along the leng& 
having a propensity fisr higher wear rates, a greater number of segments per unit 
length are mounted. ConvCTsely, in locations along the blade length having a 
propensity for lower wear rates, a smaller numb^ of segments per unit length are 
mounted. As used herein, "non-unifoim spacing" means that there is a v^ation 
of at least Inun firom the minimum center-to-center spacing distance XI (between 
two adjacent diamond segments on a saw blade) to the maximum center-to-center 
spacing distance X2 between two adjacent diamond segments on the same saw 
blade, i.e., XI is 1mm less than X2. In another embodiment of flie invsitiofn, the 
spacing variation is at least 2 mm between a minimum cenlsr-to-cemter spacing 
between two adjacent segments to a n^lmum center-to-center spacing between 
two different adjawsnt segments on the same saw Male. 

[038] In conjunction wilii varying tiie spacing of the diamond segments, 
or as a separate approach to prolonging the service life of saw blades, diamond 
segmmts with varyiiig properties may be distributed along the length of the bla<k 
(with either uniform or non-uniform spacing). In locations along the length 
having a propmsity for higgler wear rates, segments with higher wear resistance 
are mounted. Convoraely, in locations along the blade length having a propensity 
for lowar wear rates, segments with lower wear resistance are mounted. 

[039] As used herein, "variable wear-resistant property" means that there 
is a variation of at least 10% in a variable contributing to the wear resistance 
property of the diamond segments on a saw blade, from one diamond segment to 
another diamond segment on the same saw blade. Examples of variable wear- 
resistant properties inchiding a) diamond concentration in the bond; b) diamond 
size; c) diamond grade, in which the wear resistance increase with increasing 
diamond grade, as measured by compressive fiacture strength "CFS"; d) crystal 
strength and shape; e) segment dimension in trains of length in which ihe wear 
resistance increases with increasing segment length, where length is defined as the 
segment dimension parallel to the blade length when attached as in Figure 4; f) 
bond wear resistance of the materials constituting the bond; and g) presence of 
secondary abrasives with the we^ resistance increases with increasing 
concentration of secondary abrasives. 
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[040] Improved Quality of Fijoished Granite Slabs : The use of segments 
comprisiBg diamonds in saw blades surprisingly allows granite to be cut without 
the need of steel shot slunies. Such also surprisingly granite slabs to be cut 
with improved srafiwe 

[041] As is known to one skilled in the art, the roughness of a finished 
surfece depends on a variety of fectors, including particle size of the abrasive 
medium, in general, the surface roughness ina»ases with increasing size of the 
abrasive particles used in the operation. As previously cited, steel shot particles 
used for granite slabbing in the prior art can range from roughly 1 - 2nim in 
nominal size. While abrading the walls of a cut, the steel shot creates a typically 
rough surface. Roughness properties of stone products such as granite slabs, 
blocks, etc., may be measured by various analytical inslruments m the art, 
including the use of a profilometer for surface topography measurements such as 
Ra, R^, and R^^ across a distance on the sample. 

[042] The profilometer's semsitive styliK runs across the width of the 
sample, recording variations in sur&c« topog^^hy. An arithmetic average of these 
variations is displayed /recorded. R» is the arithmetical average toughness value. 
RsE is the ISO 10-pomt hei^t parameter, measured over a single sampling length 
and is itself an average of several peak vahiea. Rinax is the maximum peak-to- 
valley height with in a sampling length. 

[0431 ^ one embodiment of tiie invention, the frame saw employing the 
diamond segments of the present invention allows the cutting of granite for slabs 
having surface roughness Ra of less than 1000 i^-in, an value of less than 
7,000n-in, and an Rmax value of less than 10,000^t-in. In another embodiment, fee 
granite slab cut using the diamond containing segments of the invention display a 
surface roughness Roofless than 800 n-m, Rz and Rmax valura of less than 6000ji- 
in. In a third embodiment, granite slab cut displays a roughness R« of < 500 [i-in, 
and and values of less tihtan 5000 |x-in. In a fourth embodiment, the 
measured surfece roughness is an improvement of at l^st 70% over the prior ait 
steel shot process, for a surface roughness Ra of < 400 |i-in, and R^ and Rrow 
vaiu«} of less than 4000 n-in. 

[044] As indicated above, the frame saw of the invention allows the as- 
cut (or sometimes called preliminary) granite slabs to have a surface roughness 
that is much finer than the as-cut slabs cut with a frame saw of the prior art, less 
material nee<^ to be removed to achieve the target finish. This lessem the 
requirements of a finish polishing system wherein ttie initial poUshing steps may 
be eliminated ^thely from the pohshing operatioa hi this case, the cost of the 
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polishing operation can be reduced while also increasing the speed and capacity. 
Ano&er added advaatage to the frame saw of the pr^ent inveation is that less 
damage is imparted to the granite with improved surface quality / polish quality, 
since fewer cracks are genexated between adjacent grains of the phases that 

comprise the granite. 

[045] Im proved Block Utilization when Cutting Slabs : It is also found 
that the frame saw of ttie invsition allows more economic operations. Slabs of a 
target width may be produced using le^ of the block, due to the reduction in 
excess cut width, txs. 

[046] The reduction m excess cut width, txs, helps improve block 
utilization as well as with the uniformity of the finished granite slabs, with the as- 
cut granite slabs being more uniform in thickness, hi one embodiment of the 
invention, the as-cut granite slabs have a mean tMokne^ variation of less tiian 
20% ofthe thickness of the nominal slab target. In a second embodiment, the 
mean thickness variation is 1^ than 10% ofthe thickn^ ofthe nominal slab 
terg^. In a third endxwliment, the ra^ thickness variation is less than 2 mm for 
a nominal slab ts^et of 2 cm. 

[047] It should be further noted that the frame saw ofthe present 
invention may be u^d in cutting materials otiier than granite, including but not 
limited to masonry materials such as concrete, maAle, sandstone, lim^tone, jRred 
brick oi: a like material, as well as for cutting blocks of composite material made 
of stone or marble chippings bound together by a binder material, for improved 
surface quality as well as more precise dimensions. 

[048] EXAMPLES. Examples are provided herein to illustrate the 
invention but are not mtended to limit the scope ofthe invention. 

[049] Example 1. As a baseline, a block of Rosa Beta granite is cut into 
slabs using the steel shot frame sawing operation in the prior art The sur&ce 
quality of tide slabs is measured using a profilometer. In this measurement, a 
Horamel Profilometer (Model T 4000) is used to measure Rg, Rmsx and R^-d across 
a 2.5 cm sampling distance. The results are provided in Table 1 : 

Table 1 ; Surface roughnesss for granite slab cut using steel shot abrasive 



Roughness Parameter 


Output 


R, 


1677 n-in 




9145 u-in 


Buss 


12673 fi-in 
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[050] A3a impressioji of the surfeoe of a slab cut using the steel shot of the 
surface of a slab cut using the steel shot process is prepared using vinyi 
polysiloxane. Fig. 5 is an SEM micrograph of the impression showing the rough 

texture of the surfiKe, 

[051] Example 2 . To evaluate the improved block utilization and slab 

surfece roughness, a block of Rosa Beta granite is cut into slabs in Example 2, 

using a frame saw of the present invention having blades with diamond-containing 

segments attached to them. Details for the run include: 

[052] Segment s; A number of runs are repeated for each example, with 
each run segment concentration varies betft'een 15 to 40 concentration of diamond 
crystals, diamond size ranging from 20-50 mesh, in a cobalt-based bond 
commercially available from OMG, Eurotangstene, or other manufactures. 

[053] Each run uses segments of the same size, with segment dimensions 
varying for each run and ranging from 10 -40 mm m length, 4-8 mm in widtti, and 
10-30 ram m heig^it, and with 20 - 30 segments per blade. 

[054] Bladess : carbosialioy steel btedes with *Wflrfe= 4.2mm and b« 80 

blades. 

[055] npttrfltipp ; conditions : 30 xnm/h down-feed rate; and 13 - 15 Vmm. 
water delivraed to each blade. Nominal slab thickness target ofJOram. 

[056] The total amount of block width per slab, Wbhck, is evaluated. In 
addition, surface roughness of a slab is measured using a profilometer as in 
Example 1. 

[057] Block width per slab : The total block width per slab, wwoct, is 
determined by measuring the total width of block cut and dividing by the numba: 
of slabs produced, which is 1 fewer than die number of blades. Total block width 
out == 2233.6 mm; Wbhck = 2233.6 mmHS slabs = 28.3 mm/slab. 

[058] The average slab thickness measured in diis experiment is <Wiiab> 
= 22.4mm, Referring to Equation 2, the excess cut width, f«r , is: 

r« = w«b«t - (W+ tbiad,) - 28.3mm - (22.4mm + 4.2mm) = 1 .7mm 

[059] The total block width imst slab when using steel shot is 
approximately 3 1mm. For the total block width cut in tiiis example, only 72 slabs 
can be produced usmg the steel shot technology. Hence, the block utilization of 
the diamond solution is ^proximately 10% higher than the standard steel shot 
technology. 
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[060] giirFaGeRoughnesi ofSM: A Honmiel Profilometer (Model T 
4000) is used to measure and across a 2.5 cm sampling distance. 

Results are provided in Table 2, 

Table 2: Surface roughness parameters for granite slab cut using diamond- 
containing segjnents 



Rouflhness Parameter 


Output 


^ 


342 n>in 




2826 u-\n 


R-r 


3515w-ffl 



[061] As shown, the measured surface rou^ess parameters of the slab 
cut using diamond-containing segments represents an improvement of b^ween 
70% and 80% relative to the steel shot process. 

[062] An impression of the surfece of a slab cut using this diamond 
process is prepared using vinyl polysiloxane. Figure 6 is an SEM micrograph of 
the impression of the slab of the present invention (taken at the same 
magnification as Vip^ 5, SEM of a slab cut using the prior art technology). The 
SEM shows significant in^provement in surface quahty over the granite slabs in 
the prior art. 

[063] While the invention has been described with reference to a 
pref^ed ^diment, those skilled in the art will understand that various changes 
maybe made and equivalents may be substituted for elements thereof without 
departing ftmn the scope of the mvention. AU citations referred herein are 
expressly incorpor^ herein by reference. 
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